deliberately spread in Australia and subsequently New Zealand as a biological control for the 1 wild European rabbit (5, 6 ).
2
Serological studies on wild and farmed rabbits and archival sera indicated that 3 caliciviruses antigenically related to RHDV had been circulating, apparently harmlessly, in rabbit 4 populations in Europe, Australia and New Zealand prior to the emergence of RHDV. In some 5 cases immunity to these viruses may provide a degree of cross-protection against virulent 6 RHDV (3, 4, 7, 21, 27, 29, 31, 32) . Sequence data has been published for three of these 7 avirulent viruses: from commercial rabbits in Italy (3), from wild rabbits on Lambay Island in 8
Ireland (15), and from wild rabbits in Australia (35) . A fourth, similarly diverse, virus was 9 identified from the UK; however, this Ashington strain was obtained from a dead rabbit (24) .
10
Phylogenetically these four viruses are relatively distant to virulent RHDV and to each other (3, 11 16, 24, 35) , and have been named rabbit caliciviruses (RCV) to distinguish them from RHDV.
12
Partial sequence data for the capsid gene of RHDV has also been obtained from 
14
sampled from domestic and wild rabbits in which no disease had been recorded (24) . Strikingly,
15
these sequences are very closely related to those sampled from virulent RHDV strains that were 16 circulating in the late 1990s. On the basis of this evolutionary pattern it was suggested that 17 virulent RHDV emerged due to mutation of an avirulent virus that was present in German rabbits 18 exported to China and that had been circulating in Europe for many years (16, 24) . Because a Table 1 ).
10
Subsequently, an additional set of seven UK samples were removed leaving a data set of 210 11 sequences (see Results).
12
Sequences were manually aligned using SE-AL (http://tree.bio.ed.ac.uk/software/seal/).
13
The available capsid sequences were analysed as either; (i) the 'total' sequence alignment 14 containing sequences of varying length (partial sequences ranged from 316 to 1359 nt, while 15 the complete capsid sequence was 1740 nt in length), (ii) a 'short' sequence alignment of 277 nt
16
(spanning the region 1111-1387), as this fragment was present in all available isolates, or (iii) 17 the 63 sequences for which the 'complete' 1740 nt capsid sequence was available. The
18
GenBank accession numbers of all sequences used in this study are presented in 
5
Phylogenetic analysis. To obtain an initial picture of the phylogenetic relationships of 6 the RHDV and RV sequences, we inferred a maximum likelihood (ML) tree for the 'total' and 7 'short' 217 sequence data sets using the PAUP* package (36) and employing SPR branch- initial measure of the degree of temporal structure in the 'complete' capsid sequence data set
13
we performed a regression analysis of tree root-to-tip genetic distance against sampling time 
18
In each case we used both strict and relaxed (uncorrelated lognormal) molecular clocks, and a 
11
Recombination analysis. Recombination has been previously documented in RHDV 12 (1, 14) . To determine whether our estimates of substitution rate were adversely affected by 13 recombination we first screened for this process in the 'complete' capsid sequence data set 14 using the RPD, BOOTSCAN and GENECOV programs available within the RDP3 package (22) .
15
This analysis revealed only the Germany_Hartmannsdorf_1996 sequence to be recombinant as 
16
with the first 10% of trees removed as burn-in) and therefore accounts for phylogenetic error.
17
Both the AI and PS statistics measure the degree of association between a trait, in this case 18 sampling location, and the underlying phylogeny.
20

RESULTS
21
Phylogenetic relationships of RHDV. Our provisional phylogenetic analysis generally 22 corroborated those proposed previously (16, 20, 24, 26) (Fig. 1 ). In particular, we note that (i)
23
there is a clear distinction between viruses assigned as RHDV and those described as RCV,
24
and (ii) that RHDV can be further subdivided into a number of phylogenetically distinct groups (see Fig. 2 for more details). In addition, our tip-to-root regression analysis of the 'complete' 1 capsid gene data set revealed that there is a clear temporal structure in these data, with viruses 
4
However, the most notable observation from the phylogenetic analysis, and one that 
10
These sequences have been taken as evidence for the longstanding circulation of RHDV prior 11 to the Chinese outbreak of 1984 (16, 24) . However, our phylogenetic analysis reveals that 12 although they fall into a variety of groups, these seven sequences are extremely closely related 13 to the currently circulating virulent epidemic strains of RHDV, particularly those sampled from 14 the UK, Spain and France (Fig. 1 ). That these viruses show essentially no evolutionary change 15 over periods of more than 20 years, and cluster within groups of sequences sampled far more 16 recently, is highly anomalous and strongly suggests that they are modern contaminants (19) .
17
This possibility is examined in more detail below. Because of the uncertain provenance of these 18 seven sequences they were excluded from all subsequent analyses.
19
Rates of evolutionary change in RHDV. 
12
Timing of RHDV evolution. Our Bayesian MCMC analysis also allowed us to obtain robust
13
estimates for times to common ancestry across the RHDV phylogeny. These are shown 14 graphically as MCC trees for the 'total' (Fig. 2) , 'short' 210 ( Supplementary Fig. 2 ) and
15
'complete' capsid gene data sets ( Supplementary Fig. 3 ).
16
In all data sets the TMRCAs across all the viruses analysed (i.e. both RHDV and RCV) and wild European rabbits were introduced at least twice from 1859 (33).
7
Phylodynamic analysis of individual groups of RHDV. Our phylogenetic analysis allowed us 8 to identify four distinct groups of RHDV sequences (Fig. 2) . To reveal the population dynamics 9 of these groups, and hence key aspects of the epidemiological history of RHDV, we inferred 10 both phylogenetic trees and Bayesian skyline plots for each group separately.
11
Group 1 is of particular interest because it contains the antigenic variants known as
12
RHDVa which have caused four recent independent epidemics in the USA (23), as well as representing the documented beginning of the RHDV epidemic (Fig. 3) Fig. 6 ). 
16
These four phylogenetic groups have contrasting phylodynamic patterns (Fig. 4) .
17
Specifically, groups 1, 3 and 4 show fairly flat dynamics; that is, after a period of increasing within specific geographical regions than expected under random movement (panmixis).
10
Hence, within country evolution is the most important phylodynamic pattern in RHDV. A more
11
detailed examination of the potential movements between specific geographic localities reveals
12
that France is the most important source population for RHDV among the available data,
13
including some clear migration to Germany (Supplementary Table 2 
21
Italy, the UK, Ireland and Australia (3, 15, 24, 35) . With the possible exception of the UK
22
Ashington virus, which was isolated from a dead rabbit (24) , these viruses appear to circulate with RHDV, and in rabbits that had never been exposed to RHDV (3, 4, 21, 26, 27, 31, 32) . It   6 can be assumed that these virus(es) spread to Australia and New Zealand in wild and/or 7 domestic rabbits introduced from the UK. Presumably, similar viruses were introduced with
8
European rabbits to other countries but these have not been identified due to a lack of 9 surveillance.
10
All four of the phylogenetic groups defined in our analysis contain virulent RHDV. A
11
common feature of all these groups is that many lineages likely originated during the 1970's,
12
suggesting that there was a period of viral radiation at this time. This is shown clearly on the
13
Bayesian skyline plots, which all depict a rise in genetic diversity (and hence population size) 
22
Prior phylogenetic work led to suggestions that RHDV with sequences closely related to
23
those that emerged from China in 1984 were circulating harmlessly in the UK and other
24
European localities during the 1950s; hence, it was suggested that virulence emerged at least 25 twice during the late 20 th century once in Europe and once in China (13, 16, 24) . However, there are at least two problems with this conceptual model. First, we show here that the 1 sequences from the 1950's and 1970's from the UK appear to be modern contaminants: given 2 the rate of RHDV evolution documented here, and that of RNA viruses more generally, these 3 early RHDV sequences are expected to be far more divergent from their modern counter-parts.
4
If we remove these sequences from the analysis there is now no evidence for RHDV-like 
11
Another scenario is that there is so much recombination in RHDV that it is impossible to 12 infer evolutionary history and hence the evolution of virulence. Although recombination has
13
clearly played some role in the evolution of RHDV (1, 14) 14 From a biological control perspective it would also be important to evaluate whether these 15 strains could increase the impact of RHDV on Australian wild rabbit populations. 
